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Origin of Low Emittance in NEA Photocathode

NEA photocathode is expected to generate a low emittance beam.
Dependent on excitation energy, QE and acc. gradient.

We have obtained a result that beam emittances were almost 0.1

stmm.mrad in very low-charge condition .
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NEA photocathode is expected to generate very low
initial emittance beam with high QE.



Emittance measurement results (bulk-GaAs)

-1 Emittance of bulk-GaAs measured in 120-keV by NPES*

normalized emittance [pi.mm.mrad]
S
T

wavelength [nm]

*NPES: Nagoya Polarized Electron Source
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E: electron extra energy
R: beam spot size

QE=7.0e-3

Average in constant region:

€ =0.18+0.03rrmm.mrad

ke T -> 66 meV (fit)
QE=2.1¢e-3

Average in constant region:

€ =0.12+0.0Z2mrmm.mrad

ke T -> 29 meV (fit)




Emittance measurement result (SL)
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-1 Photon energy dependence (SL and Bulk-GaAs)
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The DOS in C.B. is quantized and shrinks. Com

(Miniband is formed by the micro-structure.)

= An emittance growth is suppressed in shorter wavelength
SL structure has a low emittance with high QE comparing with a bulk-GaAs



The photocathode

GaAs-GaAsP Strained Superlattice on GaAs substrate
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Ref. ; T. Nishitani, et al.: J. Appl. Phys. 97 (2005) 094907 1-6.



Superlattice photocathode

Toward a low emittance with a high QE
1. Layer-structure -> SL (suppressing the emittane growth with

increasing the excitation energy)

2. Using excitation both of HH and LH
3. Expand the active layer with suppressing the expansion of pulse width
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Schematic of an extraction process in a SL

photocathode



Superlattice photocathode

Excitation energy toward the high QE
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The dispersion of JDOS is dominantly determined by the C.B. because the

effective mass is smaller than that of V.B.

Separation between 15t and 2"4 mini-band in C.B. must be larger than that of

HH and LH.
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Quantum Efficiency

Typical QE spectra in SL

GaAs-GaAsP strained superlattice (strain compensated)

0.015 , . , f g 100 0.008
0012  eee*s. s g0
> 0.006 | /
C e
T o o oo
0.009 60 O ©
o &=
= W 0004 |
2
0.006 40 5 2 #
& 0.002 - #
0.003 20 #
0 0 01.5 1.55 166 1.;35 1?7 1.75
The QE has some steps which QER and QEL are corresponding with the
feature the JDOS of SL clearly. excitations of HH-C.B. and LH-C.B.,

respectively.
If the spin-flip phenomena is negligible, the
shape of QE shows the SL's JDOS directly.



Dispersion of JDOS in SL photocathode

Estimation of energy dispersion in SL from QE
spectrum and Pol. spectrum.
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Fig. Differential of QE as a function of
excitation photon energy.

Quantized state is essential for
realization of a low emittance beam

by using SL.

The width of the differential QE

~ 50 meV

The energy dispersion of extracted
beam will be suppress in below 50

meV




Temporal response in SL (not in Bulk)

Average emission time

In Bulk-GaAs, the pulse width is mainly determined by the absorption length.
However, if the active-layer thickness is limited, the tail can be cut.

<t> d’ d’ GaAs/GaAsP Supperlattice
= = = S
12D 12-27cm* /s P 7. =55ps,T, =140ps,a = 7 x10°cm™
d ~254nm D = uk,T/e =1000cm® /Vs: 2TmV =2Tcm’ /s

Ref.: K. Aulenbacher, et al., J. Appl. Phys. 92 (2002) 7536.
Using the QE of 0.9% @751nm in active-layer width of 96nm,

In the case of 254-nm width, QE is expect to be 2.1%. (Without recombination effect)

Simple estimation using Pol. , relaxation time and recombination time
alvy+1/r. 1-exp(~(a(v)+1/t,+1/7,)- d/(v))

=0.92
“a(v)+1iT +1/T,  1-exp(—(a(v)+1/7,) d/(v))

PCW=

(v)=9x10*m/s Corresponding with the temporal response time in short pulse

(t) =96nm v) ~1ps The difference ~ additional spin-relaxation time or
scattering in drifting process or BBR ?



Recent R&D

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

: A transmission-type spin-polarized photocathode has been :
. developed for application to several types of electron mlcroscopy, :
: e.g., spin-polarized LEEM, spin-polarized TEM and so on.
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High current operation with high power laser

Transmossion type photocathode
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In the case of a high current operation, we suggest that a
transparent substrate is effective to realize a high current mode
operation because it can suppress a thermal heating induced by an
absorption of residual photon energy.



Summary

SL for non-polarized electron source

Photocathode structure for a low emittance beam : SL structure

Suppression of energy dispersion by quantized effect (DOS of
C.B.)

High JDOS comparing with Bulk (large absorption coefficient)
Temporal response is determined by the width of active layer
-> Photo absorption length is expected to be smaill

-> SL has a high absorption coefficient induced by the
localization effect

To realize a high current mode operation

We suggest a transparent substrate to suppress the thermal
heating in substrate due to its dominant absorption.



